Background
Taiwan is located in a subtropical zone and the latitude range of the South and the North is only around three degrees and the weather is always in high temperature and humidity. Yet, the geographical environment and climate of Taiwan are always varied. All regions are faced with different environmental issues which need different solutions. The use of containers as a building material has grown in popularity over the past several years in Taiwan due to their inherent strength, wide availability and relatively low cost. The cargo container architecture has also been built with containers because they are seen as more eco-friendly than traditional building materials such as brick and concrete. However, the study into the indoor environment of cargo container buildings is still lacking to provide a more detailed technical support. We need to establish the methodology to reveal the spatial and environmental considerations to be applied in the design process of the cargo container building, and also to consider environmental benefits in terms of comfort and energy saving that can be brought into the cargo container building.
We investigated the spatial delight, thermal and luminous environment of a selected cargo container building in Taiwan. Through fieldwork, which included onsite monitoring and interview of building occupants, first-hand information on environmental and comfort conditions inside the building and occupants' subjective views on the comfort condition were obtained. 1 These findings could provide the holistic research methodology for investigating thermal, visual and indoor air quality (IAQ) performance, to determine the feasibility for improving the comfort conditions for building the cargo container architecture. The following case study provides an illustrate feasibility of cargo container architecture in Taiwan.
Case study cargo container building description
Light, site and climate
The design of OXON Game Studio (Cargo Container Architecture in Taiwan -OXON Game Studio) container building was challenging due to the climate and site conditions of Taiwan urban area, which experiences dynamic and variable weather conditions of a humid subtropical climate, with abundant local rains, consistent sunny days and brief periods of overcast skies. The location of this building lies at 22. 5 C north latitude near the Tropic of Cancer near by a lake situated in Kaohsiung, Taiwan. This region of Taiwan has a temperature range from an average low of 10 C in January to the average high of 37 C in July. Kaohsiung experiences consistent daytime sunshine throughout the year, with approximately 13.5 h of daylight during the summer solstice and 10.5 h during the winter solstice. The noon temperature can reach 35 C in the summer and 25 C in winter. The high summer sun angles emphasize the need to provide a sheltering roof to control light levels, solar gains and temperatures. In spite of about 225 bright sunny days per year, there remains a monthly rhythm of overcast or rainy days, including an average of 2-3 typhoons per month during summer time (2017 AccuWeather, Inc.
2 ). The design of the building confronts the reality of climate change and changing qualities of natural lighting (discussed below) (Figure 1 ).
OXON Game Studio cargo container form
OXON Game Studio Container Building is a 6.35-m high reinforced steel container building composed of two floors and with a large solar panel installed on the roof for maximum solar energy and minimum heat gain. The roof was designed and built to create shading to the first floor. The building has three curtain walls. The building has a 63.84% window wall ratio and the two large curtain walls with tempered glass on the east and west sides of the building. This container building is a four-wall-square building. The building plan consists of a series of offices and a main office room on the first floor. An outdoor bar is situated on the first floor aside the main gate facing to the south and a yard with a pool and green plants are sited on the eastern side of the building. Each space has a distinct luminous quality, including floor to ceiling window spaces that guide the light to every floor through the floor to ceiling windows. The studio is naturally daylit from two long elevations with a relatively narrow plan. A well daylit working environment would be expected. In addition, the total floor area of the building is about 600 m 2 . The building is constructed with 20 containers which was completed for use in September 2016 (Figures 2 and 3) .
Indoor environment quality
Without air-conditioning, the onsite thermal monitoring showed excessive indoor overheating during summer months (average temperature is above 35 C), while in winter, the average temperature falls below 18 C. Most occupants considered the thermal environment is unbearable most of the time. As a result, energy-intensive heating, ventilation and air conditioning (HVAC) systems were installed to provide thermal comfort. Although three split-type air conditioners are installed in this cargo container building, the uneven air flow distribution in the working area has led to indoor temperatures at different areas being higher than the thermostat set temperature (26 C). Table 1 shows the temperature and velocity distribution in the cargo container building.
The indoor air quality measurements indicated that the mean formaldehyde concentration in the air was 0.01 ppm (baseline value is 0.08 ppm) which is within the Taiwan's Indoor Air Quality Management Act standard. 3 However, the mean interior CO 2 concentration is within the range of 1049 to 2000 ppm which is higher than the regulation threshold requirement of the standard 3 ; this is because all windows were closed at the time of measurement. In addition, the mean O 3 concentration is also higher than the regulation threshold requirement. In terms of visual and daylight environment, Figure 4 shows that the high external reflected light and the focused downlight are causing visual distraction and glare to occupants. The staff used a kite to shade the computer screen which indicates a potential high brightness contrast that has led to glare. Luminance mapping of selected views inside the cargo container building ( Figure 5 ) was conducted under sunny sky condition, and the luminance distribution patterns measured in selected views indicated that the luminance ratio between the glass and the wall surface is about 75:1. This indicates a high brightness contrast which is making the architectural details on the wall to become invisible. Brightness contrast ratio between task and general surround is 9 to 1. This high reversed brightness contrast ratio between the computer screen and the dark surround could also cause glare. The measured daylight illuminance shows low values in the central part of the working area and relatively high values near window edges. Also, the lighting condition of the office environment is not evenly lit, and the average internal illuminance was 261 lux in comparison to the external illuminance of 4500 lux, while the highest value inside the space was 1637 lux and the minimum value was 10 lux.
These research findings have indicated that through the following retrofitting suggestions, a balanced thermal and luminous environment can be maintained, while the overall comfort level could be significantly improved. 1. In general, the internal working environment can be improved by adopting internal materials and finishes with high reflectance (i.e. potentially white walls and ceiling). 2. Manually controlled translucent blinds could be introduced to the glazed walls so that excessive brightness contrast between inside and outside and between the computer screen and glazed walls could be reduced for enhanced visual comfort. 3. The underside of the extended eaves can be painted with lighter colour paint to enhance the internally reflected daylight component. 4. Potentially, all downlights could be replaced by uplights or luminaires with both down and up-light components. The ceiling would need to be lit up to improve the overall brightness of the working environment. 5. More localized free standing lamps and individual desk lamps can be used to offer task and ambiance lighting, and a balanced luminous environment can be created.
6. The dark walls within the visual field could present a subjective low brightness lighting condition and the studio could be perceived as a dark space. These walls would need to be brightened up to enhance the overall brightness in the studio. 7. Among various advanced materials and technologies used for improving thermal performance in buildings, thermal insulation film was recommended to apply on the glazing of this cargo container building based on the cost and construction technology considerations.
According to literature surveys and our previous research findings, the holistic research methodology for investigating thermal, visual and IAQ performance in cargo container building are shown as follows.
Thermal performance assessment
Evaluating the thermal environment of the cargo container building was essential to have a full understanding of the building's performance and its impact on comfort. To assess the thermal conditions in selected spaces, a model of the building was built using building energy performance simulation tools, distributing each space as a separate thermal zone, and analysing the connection between their resultant temperatures in relation to their openings, building materials and adjacent buffer zones. These simulations were performed to provide an overall idea of the annual performance of main occupied spaces and to provide evidence on the effect that solar radiation, natural ventilation and building materials of the envelope have on resultant indoor temperatures, annually. In terms of in situ thermal performance assessment, the dry bulb temperature, relative humidity, surface temperature image of thermal envelope, predicted mean vote (PMV) should be considered.
Daylight assessment
To assess the daylighting performance of the cargo container building's spaces and to ensure that these spaces are adequately daylit, a target daylight factor of 2% should be set, based on BSI standard guidelines. 4 The standard recommends analysis of the day lighting performance under overcast sky conditions. The daylight illuminance was also assessed in the space, at noon under sunny sky (Equinox) and overcast skies conditions results were compared to guideline values given by CIBSE. 5 Besides the daylighting performance analysis by simulation tool, the measurement of the visual environment is necessary to develop an understanding of the real visual environment situation. For the luminance distribution and contrast analysis, a high dynamic range (HDR) camera would be used to capture the HDR images of the lit scenes and then convert images into luminance maps by using a luminance conversion software. 6 Indoor air quality assessment
Buildings are generally ventilated using some form of HVAC system. Although such systems provide a suitable degree of human thermal comfort, many IAQ and high energy consumption problems prevail in these buildings. For example, reducing the energy consumption of HVAC systems would require that air leakage from the ventilated space be minimized and the air change rate (air changes per hour; ACH) should be reduced. However, doing so would inevitably lead to a deterioration of the IAQ. Furthermore, it has been specifically reported that low ACH could cause reporting of sick building syndrome (SBS). 7 HVAC equipment has been identified as a major source of environmental pollution. 8 Taiwan started a series of IAQ studies led by the government Sector, around 25 years ago. Various information/discussion documents have been produced and are still being improved by recent studies. Around 10 years ago, modern communication tools became increasingly advanced, and more and more new technologies have been applied in the building sector. For example, micro-electro-mechanical systems-based formaldehyde gas sensor based on a suspended silicon nitride microstructure with an integrated micro Pt heater, a thin-film NiO sensing layer and Pt interdigitated electrodes (IDEs) to measure the resistance changes in the NiO layer under the presence of formaldehyde. 9 The new combination in MEMS and building technology has been employed to monitor and identify indoor air pollution including CO, CO 2 ,VOCs and HCHO which could be caused by emissions from adhesives, upholstery, carpeting, copy machines, wood products, cleaning agents, pesticides, etc. 10 
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